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(54) Non-contact information storage medium and data transmission method for the medium 



(57) A non-contact information storage medium 
(106) for receiving power from a card reader/writer 
(101) via an antenna (107), using the power for driving 
its internal circuit, and simultaneously transmitting data 
as a transmission wave to the outside thereof. The out- 
put current of a rectifier circuit (109) is interrupted by a 
switching circuit incorporated in a modulation circuit 
(110) in accordance with the transmission wave. In the 
period of interruption, the output voltage of the rectifier 

l — CARD READER/ - 

WRITER k101 



circuit (109) is limited by a voltage limiting circuit incor- 
porated in the modulation circuit (110) to a value not 
more than the breakdown voltage of elements which 
constitute the circuit. The loss of power during data 
transmission is extremely small, and hence the circuit 
can be constituted by elements of a usual breakdown 
voltage. 




HON -CONTACT IC CARD - 



,106 



-110 



112 





POWl 
STAB 
CIRC 




3) SUP 
UIT 


7 7 





POWER SUPPLY 



TRANSMISSION WAVE 
RECEIVED WAVE 



113 



CONTROL 
CIRCUIT 



MEMORY 



"T" 

H4 



HOST COMPUTER 



FIG. 1 



QL 
LU 



Primed by Xerox (UK) Business Services 
2.16.1/3.4 



BNSDOCID: <EP 083 8694 A 1 I 



EP 0 838 694 A1 



Description 

This invention relates to a non-contact information 
storage medium and a data transmission method for the 
medium, and more particularly to a medium of this type, s 
such as a non-battery type radio card or a radio tag. and 
a data transmission method for the medium, used to 
perform communication with a data processing unit 
such as a card reader/writer (hereinafter simply called a 
"reader/writer"). 10 

In the field of information processing systems, an 
information processing system has recently been devel- 
oped, which includes a non-contact information storage 
medium (such as a non-battery type radio card or a 
radio tag) used as, for example, an entrance/leaving is 
management system, and an information processing 
unit (such as a reader/writer) for performing non-contact 
radio communication with the non-contact information 
storage medium. 

The non-contact information storage medium, i.e. 20 
the non-battery type radio card or the radio tag, receives 
a radio wave generated through the transmission 
antenna of the information processing unit, i.e. the 
reader/writer, and simultaneously subjects a signal 
indicative of data stored therein to slight amplitude mod- 25 
ulation, thereby transmitting the modulated signal to the 
reader/writer in the form of a transmission wave. 

The reader/writer receives the transmission wave 
from the non-battery type radio card or the radio tag, 
using a signal reception antenna. ' 30 

More specifically, the non-contact information stor- 
age medium generally obtains power for driving its inter- 
nal circuit by rectifying and smoothing a radio wave (i.e. 
an electromagnetic wave) from the reader/writer, using 
an antenna incorporated in the medium, and simultane- 35 
ously transmits data stored therein, using the same 
antenna. To this end, the medium employs a data trans- 
mission method, such as a method for increasing a load 
current obtained through the antenna, or a method for 
changing its antenna-resonating electrostatic capaci- 40 
tance. 

However, in the case of using, as the data transmis- 
sion method, the method for increasing the load current 
obtained through the antenna, a great amount of load 
current will be lost. On the other hand, in the case of 45 
using the method for changing the antenna-resonating 
electrostatic capacitance, the resonance frequency of 
the antenna will inevitably vary. As a result, the amount 
of power which can be used within the non-contact infor- 
mation storage medium may well decrease, or the dis- so 
tance over which data can be transmitted may 
decrease. Thus, neither method is suitable for efficient 
data transmission between the non-contact information 
storage medium and the reader/writer. 

It is the object of the invention to provide a non-con- ss 
tact information storage medium capable of efficiently 
using power obtained via an antenna incorporated 
therein, keeping the resonance frequency of the 



antenna constant, preventing loss of power used within 
the medium, thereby securing a sufficient distance over 
which data can be transmitted, and a data transmission 
method used in the non-contact information storage 
medium. 

According to an aspect of the invention, there is 
provided a non-contact information storage medium for 
receiving power from a radio wave applied to the 
medium from the outside, and transmitting data in the 
form of a transmission wave to the outside, comprising: 
at least one antenna for obtaining the power from the 
radio wave applied thereto from the outside of the 
medium; a rectifier circuit for converting the power 
obtained by the antenna into an output current as power 
for a circuit incorporated in the medium; and a modula- 
tion circuit for modulating the current of the rectifier cir- 
cuit by interrupting the current in accordance with the 
transmission wave. Data is transmitted to a 
reader/writer as a result of the modulation processing 
by the modulation circuit. 

When the output current of the rectifier circuit, i.e. a 
rectifier circuit, is interrupted, it is possible that its output 
voltage will exceed the breakdown voltage of each cir- 
cuit element. To avoid this, the modulation circuit 
includes a voltage limiting circuit for limiting the output 
voltage of the rectifier circuit to a value less than a pre- 
determined value. 

The information storage medium of the invention 
further comprises a smoothing capacitor for accumulat- 
ing the output current of the rectifier circuit and smooth- 
ing an output voltage thereof, and the modulation circuit 
includes a switching circuit for switching on and off a 
current path from the rectifier circuit to the smoothing 
capacitor in accordance with the transmission wave. 
The switching circuit is constituted of a p-channel MOS 
transistor which has its gate adapted to receive the 
transmission wave. 

The modulation circuit of the information storage 
medium includes a voltage limiting circuit for limiting the 
output voltage of the rectifier circuit to a value less than 
a predetermined value when the output current of the 
rectifier circuit is interrupted. 

The information storage medium of the invention 
further comprises: a smoothing capacitor for accumulat- 
ing the output current of the rectifier circuit and smooth- 
ing an output voltage thereof, and wherein the 
modulation circuit includes a switching circuit consti- 
tuted by a MOS transistor for switching on and off a cur- 
rent path from the rectifier circuit to the smoothing 
capacitor in accordance with the transmission wave, 
and the voltage limiting circuit includes a control voltage 
generating circuit for generating a control voltage corre- 
sponding to the predetermined value, and a voltage 
control circuit for controlling the output voltage of the 
rectifier circuit by supplying the control voltage to a gate 
of the MOS transistor. 

The switching circuit includes a p-channel MOS 
transistor having a source connected to an output of the 
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rectifier circuit, a drain connected to the smoothing 
capacitor, and a gate, and the voltage control circuit 
controls the output voltage of the rectifier circuit by sup- 
plying the control voltage to the gate of the p-channel 
MOS transistor. 5 

According to another aspect of the invention, there 
is provided a data transmission method applicable to a 
non-contact information storage medium which trans- 
mits data in the form of a transmission wave while 
obtaining power from a radio wave generated from the io 
outside of the medium, comprising the steps of: obtain- 
ing the power from the radio wave generated from the 
outside of the medium, using at least one antenna; sup- 
plying the power, obtained via the at least one antenna, 
to an internal circuit in the medium via a rectifier circuit; is 
and modulating the power, supplied via the rectifier cir- 
cuit, by interrupting the power in accordance with the 
transmission wave, thereby transmitting the data. 

The invention can be more fully understood from 
the following detailed description when taken in con- 20 
junction with the accompanying drawings, in which: 

FIG. 1 is a block diagram, useful in explaining the 
subject matter of the invention: 

FIG. 2 is a block diagram, showing an essential part 25 
of a first embodiment of the invention; 
FIGS. 3A - 3C are views, showing waveforms gen- 
erated from the essential part of the first embodi- 
ment while it operates; 

FIG. 4 is a circuit diagram, showing an essential 30 
part of a second embodiment of the invention; and 
FIG. 5 is a circuit diagram, showing an essential 
part of a third embodiment of the invention. 

The embodiments of the invention will be described 35 
with reference to the accompanying drawings. 

FIG. 1 is a block diagram, showing a non-contact IC 
card system to which the invention is applied. This sys- 
tem is used to store or read information in or from a 
memory 114 incorporated in a non-contact IC card 106 40 
in accordance with an instruction from a reader/writer 
101. 

In this system, the non-contact IC card 106 does 
not have a battery therein but receives power from a 
power transmission wave generated by the 45 
reader/writer 101. Thus, the card 106 is operated by the 
reader/writer operate in a non-contact manner. The 
present invention is directed to an improvement in data 
transmission means incorporated in the system for 
transmitting data from the non-contact IC card to the so 
reader/writer. 

FIG. 1 is a schematic view, showing an information 
processing system in which radio communication is per- 
formed between the reader/writer 101 as the informa- 
tion processing unit and the non-contact information ss 
storage medium 106 such as a non-battery type radio 
card. The present invention is directed, in particular, to 
an improvement in the non-contact information storage 



medium 106 incorporated in the system. 

First, the schematic structure of the reader/writer 
101 will be described with reference to FIG. 1. The 
reader/writer 101 has a transmission circuit 102 and a 
reception circuit 104, which are controlled by a host 
computer 100. 

The transmission circuit 102 and the reception cir- 
cuit 104 are connected to a transmission antenna coil 
103 and a reception antenna coil 105, respectively. This 
enables transmission of power and data to the non-con- 
tact information storage medium 106, and reception of 
data from the medium. 

On the other hand, the non-contact information 
storage medium 106 receives data and power through a 
transmission/reception antenna coil 107. The received 
power is converted into a stable DC current by means of 
a rectifier circuit 109, a capacitor 111 and a power 
smoothing circuit 112, and supplied to a control circuit 
113, a memory 114, etc. incorporated in the non-con- 
tact information storage medium 106. 

A wave received by the transmission/reception 
antenna coil 107 and including data is input via a capac- 
itor 108. Then, the control circuit 113 subjects the 
received wave to a predetermined demodulation 
processing, and stores, in the memory 114, data 
extracted from the wave as a result of demodulation. 

The control circuit 1 13 also reads data stored in the 
memory 114, subjects the data to predetermined 
processing, and supplies a modulation circuit 110 with 
the processing result as a transmission wave. 

The present invention aims to provide a non-con- 
tact information storage medium capable of efficient 
data transmission and a data transmission method for 
the medium. To this aim, on the non-contact information 
storage medium 106 side, the output current of the rec- 
tifier circuit 109 is periodically reduced or interrupted, 
which serves as power supply means for supplying the 
internal circuit of the medium with a wave received by 
the transmission/reception antenna coil 1 07 and func- 
tioning as power for driving the circuit. This prevents the 
increase of a loss in the power obtained through the 
transmission/reception antenna coil 107, or a change in 
the resonant frequency of the antenna coil 107. As a 
result, the reduction of the power which can be used in 
the non-contact information storage medium 106, or the 
reduction of the distance through which data can be 
transmitted is prevented. 

The embodiments of the invention with the above- 
described basic structure will be described in detail. 

FIG. 2 shows an essential part of the non-contact 
information storage medium 106 of FIG. 1, and more 
specifically, a basic structure for transmitting data from 
the medium 106 side. FIGS. 3 A - 3C show the wave- 
forms of signals generated from elements in FIG. 2. 

The output (b) (see FIG. 3B) of a rectifier circuit 209 
is connected to and disconnected from a smoothing 
capacitor 21 1 side circuit by means of a switching ele- 
ment 210, which is controlled by transmission data from 
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the control circuit 113. As a result, a current (c) (see 
FIG. 3C) occurring at an antenna coil 207 is controlled 
by a transmission wave (a) (see FIG. 3A) from the con- 
trol circuit 113. 

The transmission wave corresponds to transmis- 
sion data modulated with a carrier wave which is used 
for radio transmission and has a predetermined fre- 
quency, and corresponds to data read from the memory 
114. The frequency of the transmission wave will be 
described, taking, as an example, a frequency half the 
frequency of a radio wave from which power for driving 
the internal circuit is obtained (see FIG 3A). The carrier 
wave is formed by dividing the radio wave into two por- 
tions by means of the control circuit 1 1 3. 

The switching element 210 in FIG. 2, which corre- 
sponds to the modulation circuit 107 in FIG. 1, is 
switched between a state in which the output current 
(i.e. the load current) of the rectifier circuit 209 is sup- 
plied to the smoothing capacitor side, and a state in 
which the supply of the output current is stopped. 

FIGS. 3A - 3C show signal waveforms occurring 
when the switching operation is performed. As is shown 
in FIG. 3C, the current (c) of the antenna coil 207 con- 
tains the transmission wave (a). In other words, when 
the transmission wave (a) is at high level, the antenna 
coil current (c) has a large amplitude. The reader/writer 
101 detects changes in the antenna coil current (c), 
thereby receiving data from the IC card. 

On the basis of data from the control circuit 1 13, the 
switching element 210 as the modulation circuit 110 
subjects the carrier wave to phase modulation, ampli- 
tude modulation (for example, the signal amplitude is 
set to a predetermined value or zero), frequency modu- 
lation, etc., thereby transmitting data. 

Since the output of the rectifier circuit 209 is inter- 
rupted by the transmission wave (a) while the switching 
element 210 is in the non-conductive state, it appears 
that the efficiency of power extraction is extremely low in 
the non-conductive state. However, the antenna coil 207 
and the capacitor 208 constitute a resonance circuit 
which resonates with the radio wave from which the 
power for the internal circuit is obtained. Therefore, a 
greater portion of the current is accumulated as a circu- 
lating current in the resonance circuit while the output of 
the rectifier circuit 209 is interrupted. 

When the switching element 210 is returned to the 
conductive state by means of the transmission wave (a), 
a greater portion of the accumulated current is stored in 
the smoothing capacitor 211. 

In the case of the conventional non-contact infor- 
mation storage medium, the rectifier output (b) is 
formed when the output of the rectifier circuit 209 flows 
to the earth via a resistor with a relatively low resist- 
ance, depending upon the contents of the transmission 
data. As a result, the antenna current is varied, thereby 
transmitting data. This being so, a loss in current is high 
at the time of data transmission. 

On the other hand, in the present invention, the loss 



in the output of the rectifier circuit 209 mainly includes a 
loss occurring in the resonance circuit of the antenna 
coil 207 and the capacitor 208, and little loss due to a 
resistor as above required in principle at the time of 
5 modulation. 

Accordingly, the data transmission method for the 
non-contact information storage medium of the inven- 
tion is characterized in that a reduction in power is 
extremely small when the transmission wave (a) is gen- 
re erated. 

When the data transmission method for the non- 
contact information storage medium of the invention is 
actually used, if the distance between the IC card as the 
storage medium 106 and the reader/writer is short. 

75 there is a case where the power generated from the 
antenna coil 207 is extremely large, and an excessive 
voltage is applied to the rectifier circuit 209 when, in par- 
ticular, the output of the circuit 209 is interrupted. This 
makes it difficult to provide the rectifier circuit in a semi- 

20 conductor integrated circuit with a low breakdown volt- 
age. 

FIG. 4 shows an IC card according to a second 
embodiment, which has a structure for preventing appli- 
cation of an excessive voltage as above to a rectifier cir- 

25 cuit 309. The output of the rectifier circuit 309 is 
compared with a reference voltage (described later) by 
a comparator 31 Of, and is made to flow to the earth via 
resistors 310b and a transistor 31 Og when it nearly 
exceeds the breakdown voltage of each internal ele- 

30 ment of the circuit 309. 

An antenna coil 307 and a capacitor 308 are con- 
nected parallel and constitute a parallel resonance cir- 
cuit, which is connected to the rectifier circuit 309. The 
rectifier circuit 309 performs full-wave rectification of an 

35 AC voltage generated from the resonance circuit. The 
output terminal of the rectifier circuit 309 is connected to 
a node N1, which is connected to resistors 31 Od and 
310b and also to the source of a p-channel MOS tran- 
sistor (hereinafter simply called a "p-channel transistor") 

40 310a. The resistor 310d is connected to a resistor 310e 
in series, thereby forming a voltage divider circuit. A 
junction therebetween provides a comparative voltage 
VB. 

The source and gate of the p-channel transistor 
45 310a are connected to each other via a resistor 310b. 
The drain of the transistor 310a is connected to a node 
N2. The node N2 is connected to a smoothing capacitor 
311, a resistor 310h, the drain of an n-channel MOS 
transistor (hereinafter simply called a "n-channel tran- 
so sistor") 31 2a, and a resistor 312, for supplying them with 
a power supply output. 

The gate of the p-channel transistor 310a is con- 
nected to a node N3, which is connected to the drains of 
n-channel transistors 310g and 310c. The sources of 
55 the n-channel transistors 31 Og and 310c are both 
grounded. The gate of the n-channel transistor 310c is 
supplied with a transmission wave from the control cir- 
cuit 113. 
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Resistors 31 2d and 31 2e are connected in series, 
thereby forming a voltage divider circuit. A junction ther- 
ebetween is connected to a non-inversion input terminal 
of a comparator 312b. The inversion input terminal of 
the comparator 312b is connected to the plus side of a 5 
reference voltage generating element 312c. The output 
of the comparator 312b is connected to the gate of the 
n-channel transistor 312a. and the source of the n- 
channel transistor 312a is grounded. The transistors 
312a - 31 2e constitute a voltage stabilizing circuit 312. w 
The output voltage VE of the voltage stabilizing circuit 
312, i.e. the charge voltage of the smoothing capacitor 
3 1 1 , is kept constant. 

The resistor 31 Oh and a resistor 31 Oi are connected 
in series, thereby forming a voltage divider circuit. A 15 
junction therebetween provides a reference voltage VC. 
The reference voltage VC is applied to the inversion 
input terminal of a comparator 31 Of, while the compara- 
tive voltage VB generated from the divider circuit con- 
sisting of the resistors 3l0d and 3l0e is applied to the 20 
non-inversion input terminal of the comparator 31 Of. 
The output of the comparator 31 Of is connected to the 
gate of the n-channel transistor 310g. 

In the above-described structure, the p-channel 
transistor 310a, the resistor 310b and the n-channel 25 
transistor 310c constitute a switching circuit, and the 
resistors 31 Od and 31 0e, the n-channel transistor 31 0g, 
the comparator 31 Of and the resistors 31 Oh and 310i 
constitute a. voltage limiting circuit. The switching circuit 
(310a - 310c) and the voltage limiting circuit (310d - 30 
31 Oi) constitute a modulation circuit 310. 

The operation of the circuit shown in FIG. 4 will now 
be described in detail. 

The voltage generated at the antenna coil 207 is 
rectified by the rectifier circuit 309. The resistor 310b is 35 
an element for applying a bias voltage to the p-channel 
transistor 310a, arid the n-channel transistor 310c is an 
element for introducing a signal for switching on and off 
the p-channel transistor 310a in a cycle corresponding 
to that of the transmission wave under the control of the 40 
control circuit 113. Thus, the p-channel transistor 310a 
is controlled by the transmission wave from the control 
circuit 113. 

The rectified wave of the rectifier circuit 309 is accu- 
mulated in the smoothing capacitor 31 1 via the p-chan- 45 
nel transistor 310a when the transistor 310a is in the 
conductive state. Further, while the transistor 310a is in 
the conductive state, the output voltage of the rectifier 
circuit 309 substantially depends upon the charge volt- 
age of the smoothing capacitor 31 1 . The charge voltage so 
of the smoothing capacitor 311 is controlled at a con- 
stant value by the voltage stabilizing circuit 312. 

Specifically, the resistors 31 2d and 312e and the 
reference voltage element 312c of the voltage stabiliz- 
ing circuit 3 1 2 apply a comparative voltage VF and a ref- ss 
erence voltage VG to the comparator 31 2b, respectively. 
When the comparative voltage VF is lower than the ref- 
erence voltage VG, the output of the comparator 31 2b is 



at low level, the n-channel transistor 312a is in the off- 
state, and the voltage VE at the node N2 is at high level. 
When, on the other hand, the comparative voltage VF is 
higher than the reference voltage VG, the output of the 
comparator 312b is at high level, the n-channel transis- 
tor 312a is in the on-state and the voltage VE at the 
node N2 is at low level. Thus, the voltage stabilizing cir- 
cuit 312 keeps the voltage VE at the node N2 constant. 

While the p-channel transistor 310a is in the non- 
conductive state, no load is applied to the rectifier circuit 
309 and hence the output voltage VA of the circuit 309 
increases. At this time, the comparator 31 Of compares 
the voltage VB obtained by dividing the output voltage of 
the circuit 309 by the resistors 310d and 31 Oe, with the 
voltage VC obtained by dividing the charge voltage of 
the smoothing capacitor 31 1 by the resistors 31 Oh and 
310L When the voltage VB is higher than the voltage 
VC, the output voltage VD of the comparator 31 Of is at 
high level. Accordingly, the n-channel transistor 31 Og is 
in the on-state, which means that the p-channel transis- 
tor 310a is in the conductive state and the output volt- 
age VA of the rectifier circuit 309 is at low level. 

On the other hand, when the voltage VB is higher 
than the voltage VC, the output voltage VD of the com- 
parator 31 Of is at low level. Accordingly, the n-channel 
transistor 310g is in the off-state, which means that the 
p-channel transistor 310a is in the non-conductive state 
and the output voltage VA of the rectifier circuit 309 is at 
high level. Thus, the transistor 31 Og repeatedly turns on 
and off, thereby controlling the output voltage VA of the 
rectifier circuit 309 within a predetermined range. 

Hie p-channel transistor 310a as the switching ele- 
ment is set in the non-conductive state in a cycle corre- 
sponding to that of the transmission wave. The 
maximum value of the output voltage VA of the rectifier 
circuit 309 can be set at an optimal value by adjusting 
the resistance ratio of the resistor 310d to the resistor 
31 Oe of one divider circuit and that of the resistor 31 Oh 
to the resistor 31 Oi of the other divider circuit. 

FIG. 5 shows the circuit structure of a third embod- 
iment of the invention. In this circuit, the power supply 
voltage smoothed by a smoothing capacitor 411 is 
accumulated in another capacitor 41 Oi. The voltage 
accumulated in the capacitor 41 Oi is added to the 
smoothed power supply voltage when the output current 
of the rectifier circuit 409 is interrupted, thereby gener- 
ating a voltage for driving the switching element 410a. 
This circuit is constructed such that the voltage for driv- 
ing the switching element 410a will not exceed a value 
twice the smoothed power supply voltage, thereby pre- 
venting the output voltage of the rectifier circuit 409 from 
exceeding a predetermined value. 

An antenna coil 407 and a capacitor 408 are con- 
nected parallel to each other and constitute a parallel 
resonance circuit. This parallel resonance circuit is con- 
nected to the rectifier circuit 409 for performing full-wave 
rectification of the AC voltage generated in the reso- 
nance circuit. The output terminal of the rectifier circuit 



<EP 0838694 A1_l_> 



9 



EP 0 838 694 A1 



10 



409 is connected to a node N10. which is connected to 
resistors 410e, 410b and the source of a p-channel tran- 
sistor 410a as a switching element. The other end of the 
resistor 41 Oe is connected to a node N1 1 , which is con- 
nected to the gate of a p-channel transistor 41 Od and 5 
the drain of an n-channel transistor 41 Of. The gate of the 
n-channel transistor 410f is supplied with a transmission 
wave via an inverter 410m, and the source thereof is 
grounded. 

The other end of the resistor 41 0b is connected to a 10 
node N12, which is connected to the gate of an n-chan- 
nel transistor 420c and the drain of an n-channel tran- 
sistor 410d. The gate of the n-channel transistor 410d is 
supplied with the transmission wave via the inverter 
410m and an inverter 410/, and the source thereof is is 
grounded. 

The drain of the p-channel transistor 410a serving 
as a switching element is connected to a node N15, 
which is connected to the sources of p-channel transis- 
tors 41 Og and 41 0j, the smoothing capacitor 411, the 20 
drain of an n-channel transistor 412a, and a resistor 
412b, and provides the power supply voltage. Resistors 
412d and 412e are connected in series, thereby forming 
a voltage divider circuit. A junction therebetween is con- 
nected to a non-inversion input terminal of a comparator 25 
412b. The inversion input terminal of the comparator 
412b is connected to the plus side of a reference volt- 
age generating element 412c. The output of the compa- 
rator 412b is connected to the gate of the n-channe! 
transistor 412a, and the source of the n-channel transis- 30 
tor 412a is grounded. The transistors 412a - 412e con- 
stitute a voltage stabilizing circuit 412. The output 
voltage VI of the voltage stabilizing circuit 412, i.e. the 
charge voltage of the smoothing capacitor 411, is kept 
constant. 35 

The gate of the p-channe! transistor 41 Oj is con- 
nected to a node N1 6, which is connected to the gate of 
the n-channel transistor 410k, the output terminal of the 
inverter 410m, the input terminal of the inverter 410/, 
and the gate of the n-channel transistor 41 Of. The drain 40 
of the p-channel transistor 41 Oj is connected to a node 
N17, which is connected to the drain of the n-channel 
transistor 41 0k and one of the terminals of the capacitor 
41 Oi. The source of the n-channel transistor 410k is 
grounded. 45 

The other terminal of the capacitor 41 Oi is con- 
nected to a node N1 3, which is connected to the drain of 
the p-channel transistor 41 Og and the source of the p- 
channel transistor 41 Oh. The drain of the p-channel 
transistor 41 Oh is connected to a node N14, which is so 
connected to the drain of the n-channel transistor 410c 
and the gate of the p-channel transistor 410a. The 
source of the n-channel transistor 410c is grounded. 

In the structure of FIG. 5, the p-channel transistor 
410a, the resistor 410b, the n-channel transistors 410c ss 
and 41 Od constitute a switching circuit, while the resis- 
tor 41 Oe, the n-channel transistor 41 Of, the p-channel 
transistors 41 Og and 41 Oh, the capacitor 41 Oi, the p- 



channei transistor 41 Oj. the n-channel transistor 410k 
and the inverters 410/ and 410m constitute a voltage 
limiting circuit. The switching circuit (410a - 410d) and 
the voltage limiting circuit (41 Oe - 410m) constitute a 
modulation circuit 41 0. 

The operation of the circuit shown in FIG. 5 will now 
be described. 

First, the voltage generated at the antenna coil 407 
is rectified by the rectifier circuit 409. The voltage recti- 
fied by the rectifier circuit 409 is accumulated in the 
smoothing capacitor 411 via the p-channel transistor 
410a when the transistor 410a is in the conductive state. 
Further, while p-channel transistor 410a is in the con- 
ductive state, the output voltage of the rectifier circuit 
409 substantially depends upon the charge voltage of 
the smoothing capacitor 411. The charge VI of the 
smoothing capacitor 411 is controlled at a constant 
value by the voltage stabilizing circuit 412. 

Specifically, the resistors 41 2d and 4l2e and the 
reference voltage element 41 2c of the voltage stabiliz- 
ing circuit 412 apply a comparative voltage VJ and a ref- 
erence voltage VK to the comparator 41 2b, respectively. 
When the comparative voltage VJ is lower than the ref- 
erence voltage VK, the output of the comparator 41 2b is 
at low level, the n-channel transistor 412a is in the off- 
state, and the voltage VI at the node N1 5 is at high level. 
When, on the other hand, the comparative voltage VJ is 
higher than the reference voltage VK, the output of the 
comparator 412b is at high level, the n-channel transis- 
tor 412a is in the on-state and the voltage VI at the node 
N15 is at low level. Thus, the voltage stabilizing circuit 
412 keeps the voltage VI at the node N15 constant. The 
p-channel transistor 410a is controlled by a transmis- 
sion wave transmitted from the control circuit 113 (see 
FIG. 1) via the inverters 410m and 410/, and the 
transistors410d and 410c. Specifically, when the trans- 
mission wave from the control circuit 1 13 is at low level, 
the n-channel transistor 41 Od is in the off -state, the n- 
channel transistor 410c in the on-state, the p-channel 
transistor 410a in the on-state, the p-channel transistor 
410h in the off-state, the n-channel transistor 410k in 
the on -state, the p-channel transistor 41 Oj in the off- 
state, the n-channel transistor 41 Of in the on-state, and 
the p-channel transistor 41 Og in the on-state. Thus, 
when the transmission wave is at low level, the p-chan- 
nel transistor 41 0a is in the conductive state and the 
rectified output of the rectifier circuit 409 is accumulated 
in the smoothing capacitor 41 1 and the capacitor 41 Oi. 

On the other hand, when the transmission wave 
from the control circuit 1 13 is at high level, the n-channel 
transistor 41 Od is in the on-state, the n-channel transis- 
tor 410c in the off-state, the p-channel transistor 410a in 
the off -state, the p-channel transistor 41 Oh in the on- 
state, the n-channel transistor 410k in the off-state, the 
p-channel transistor 41 Oj in the on-state, the n-channel 
transistor 41 Of in the off-state, and the p-channel tran- 
sistor 41 Og in the off-state. 

Thus, when the transmission wave is at high level, 
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the p-channel transistor 410a is in the non-conductive 
state. Since there is no load on the rectifier circuit 409 in 
the non-conductive state, its output voltage VH is kept at 
high level. At this time, a voltage obtained by adding the 
charge voltage of the capacitor 41 Oi to the charge volt- 
age VI of the smoothing capacitor 41 1 is applied to the 
gate of the p-channel transistor 410a via the p-channel 
transistor 41 Oh. In other words, a voltage substantially 
equal to twice the voltage VI is applied to the gate of the 
p-channel transistor 41 0a. 

As described above, during the time when the p- 
channel transistor 410a is kept in the non-conductive 
state by the transmission wave from the control circuit 
1 13, an increase in the output voltage VH of the rectifier 
circuit 409 can be optimally controlled by setting the 
gate voltage of the p-channel transistor 410a at a value 
substantially twice the charge voltage of the smoothing 
capacitor 41 1 . In other words, when the p-channel tran- 
sistor 410a is in the non-conductive state, the output 
voltage VH of the rectifier circuit 409 is kept at a voltage 
obtained by adding the threshold voltage of the p-chan- 
nel transistor 410a to the voltage (2 x VI). 

In summary, the present invention provides a non- 
contact information storage medium capable of data 
transmission with only a small loss in the power 
obtained from an electromagnetic wave applied thereto 
from the outside, and a data transmission method 
employed therein. 

Moreover, the present invention provides a cheap 
non-contact information storage medium with a circuit 
which is designed to limit the voltage input through its 
antenna and hence is constituted of elements with low 
breakdown voltages, and also a data transmission 
method employed therein. 

Claims 

1 . A non-contact information storage medium (1 06) for 
receiving power from a radio wave applied to the 
medium from the outside, and transmitting data in 
the form of a transmission wave to the outside, 
characterized by comprising: 

at least one antenna (207) for obtaining the 
power from the radio wave applied thereto from 
the outside of the medium; 
a rectifier circuit (209) for converting the power 
obtained by the antenna into an output current 
as power for driving a circuit incorporated in the 
medium; and 

a modulation circuit (210) for modulating the 
current of the rectifier circuit (209) by interrupt- 
ing the current in accordance with the transmis- 
sion wave. 

2. The medium according to claim 1, characterized in 
that the modulation circuit includes a voltage limit- 
ing circuit (31 Od - 31 Oi) for limiting an output voltage 
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of the rectifier circuit to a value less than a predeter- 
mined value. 

3. The medium according to claim 1 , characterized by 
5 further comprising a smoothing capacitor (31 1) for 

accumulating the output current of the rectifier cir- 
cuit and smoothing an output voltage thereof, and 
wherein the modulation circuit includes a switching 
circuit (310a - 310c) for switching on and off a cur- 
w rent path from the rectifier circuit to the smoothing 
capacitor in accordance with the transmission 
wave. 

4. The medium according to claim 3, characterized in 
is that the switching circuit includes: 

a p-channel transistor (310a) having a source 
connected to an output of the rectifier circuit, a 
drain connected to the smoothing capacitor, 
20 and a gate connected to the source via a rests- 

- tor; and 

an n -channel transistor (310c) having a drain 
connected to the gate of the p-channel transis- 
tor (310a). a source grounded, and a gate for 
25 receiving the transmission wave. 

5. The medium according to claim 2, characterized by 
further comprising: 

30 a smoothing capacitor (311) for accumulating 

the output current of the rectifier circuit and 
smoothing an output voltage thereof; and 
a voltage stabilizing circuit (312) for keeping at 
a constant value a charge voltage of the 
35 smoothing capacitor (311), 

and wherein the voltage limiting circuit includes 
a circuit (310d - 31 Oh) for limiting the output 
voltage of the rectifier circuit using the constant 
value. 

40 

6. The medium according to claim 4, characterized in 
that the voltage limiting circuit includes: 

an n-channel transistor (310g) having a drain 
45 connected to the gate of the p-channel transis- 

tor 310a, and a source grounded, and a gate; 
a first voltage divider circuit (310h, 310i) for 
dividing the charge voltage of the smoothing 
capacitor to provide a first divided voltage; 
so a second voltage divider circuit (31 0d, 310e)for 

dividing the output voltage of the rectifier circuit 
to provide a second divided voltage; and 
a comparator (31 Of) having an input for receiv- 
ing the first divided voltage, another input for 
55 receiving the second divided voltage, and an 

output connected to the gate of the n-channel 
transistor (31 Og). 
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7. The medium according to claim 1 , characterized in 
that the modulation circuit includes a voltage limit- 
ing circuit (41 Oe - 410m) for limiting the output volt- 
age of the rectifier circuit to a value less than a 
predetermined value when the output current of the 5 
rectifier circuit is interrupted. 

8. The medium according to daim 7, characterized in 
that the voltage limiting circuit includes a control 
voltage generating circuit (41 Oi) for generating a 
control voltage (2 • VI) corresponding to the prede- 
termined value, and a voltage control circuit (41 Oh) 
for controlling the output voltage of the rectifier cir- 
cuit using the control voltage. 

9. The medium according to claim 7, characterized by 
further comprising a smoothing capacitor (411) for 
accumulating the output current of the rectifier cir- 
cuit and smoothing an output voltage thereof, and 
wherein the modulation circuit includes a switching 
circuit (410a - 41 Od) for switching on and off a cur- 
rent path from the rectifier circuit to the smoothing 
capacitor in accordance with the transmission 
wave. 

1 0. The medium according to claim 7, characterized by 
further comprising a smoothing capacitor (411) for 
accumulating the output current of the rectifier cir- 
cuit and smoothing an output voltage thereof, and 
wherein the modulation circuit includes a switching 
circuit (41 0a - 41 Od) constituted of a MOS transistor 
for switching on and off a current path from the rec- 
tifier circuit to the smoothing capacitor in accord- 
ance with the transmission wave, and the voltage 
limiting circuit includes a control voltage generating 
circuit (41 Oi) for generating a control voltage (2 • VI) 
corresponding to the predetermined value, and a 
voltage control circuit (41 Oh) for controlling the out- 
put voltage of the rectifier circuit by supplying the 
control voltage to a gate of the MOS transistor. 

11. A non-contact information storage medium for 
receiving power from a radio wave applied to the 
medium from the outside, and transmitting data in 
the form of a transmission wave to the outside. 45 
characterized by comprising: 

at least one antenna for obtaining the power 
from the radio wave applied thereto from the 
outside of the medium; so 
a rectifier circuit for providing the power 
obtained by the antenna as power for a circuit 
incorporated in the medium; and 
transmission means for periodically reducing 
the output current of the rectifier circuit in ss 
accordance with the transmission wave, 
thereby transmitting the data. 
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